m 3 D\ . 21 M 



*i OA qi cm Si • 

3>K &S : 01 All Ut=?m 5jg§! SAf 2SS| ?£21 4=5) XPI J|s CI^B 

U. : Thin pseudo double layered perpendicular magnetic recording disks 

ego) m & : 2f2|oj £ S o)| cued 3501 ch£ 5±3;>hb aeawi 3>i xh s? s. 

£3 1: 3©^=t ^52| 4=5) XPI }|^ Cl^32] 9S ?5£ 

£3 2: 2XIS &2JBjg 5jggi- ^Al- 2S2-T ^£2) 4=5) XPI ;>l^ CI^H2| 33 

. 

£3 3: 3Set ?J2| 4=5) XM j|s (Single, £3 1)21- ^A| 2m°l z?£oj 

4=5) XM Jl*! L\±B (Psueod. £3 2)£| d^l^ S£2| S^Oil UiS i!I 
(Signal level) S! Si 1^ (Noise level) 21 3Sf 

£3 4: CoCr3li X^Q|2) ^jq eaoj | ^xj £X|-§?2J 

(He: ^fl||0|| CH& 4=5) Xf;i| SX^. Ho: 5101 4=5) XPI SXh^) 

£3 5: 4=5j XPI D\m x^°|2| 3SKHI [TJM (Domain size) H Si #^ 

dial ^4= (a) 21 32f 

£3 6: 4=5) Xh9| D\m 3S0II COS 4=5) SX^dl(Hc/Ho) iJ 4=5| 

BS »»UI (Mr/Mo)2).3SfS 

He: ^ W| CHI CHS 4=5! XPI SX}^. Ho: 3CH 4=5) XPI SX|^ 
Mr: ^WICHI CH& 45) XHh Mo: am 4=5) S# XFS 



£2 7: S»e* CoCttl &3 A>&^« Bi^ ^221 4=5J XH>| 

a^32|. £j3>l^ SEOII CDs* (Signal) S 9§ (Noise)2| S» 

£2 8: CoCr^l &T3 HJ^S aiSff B§5} 4^ IP I J\m CI^H2) 

£PI^ ft! £011 die J\m M^ti\ (SNR, Signal to Noise Ratio)2| S» 

£2 9: = XHI CoCrSI 81*3 ^Al- 4=2) XPI 

CI^H2| Si E Oil CHff (Signal) 91 §8 (Noise)2| SfT 

£S 10: SpJHI CoCr^l &g a>sta 2|gS Bgst 4=3 XPI J\m C\±B2i 

&?\m ftl£0il DJS J\m XH 41 HI (SNR, Signal to Noise Ratio) 2| sa 

££ 11: 01 Ail »?2| CoCr^l »S X}g . BS^ (S 20 nm) 9! ° Al- 

2S^ (P 20 nm) ?22| 4=^1 XPI 2|«rci£3S2| &J\m SJ£01I Iff XH^bl 
(SNR)2| SS- 

3. tfS 3 SOt 21 X|^§ XPI- 3 31 0|8Htt 4= 

gj-'gSJ h» ^g. sf § u §11 DIIHtt 21 

3f. JHfi 

SSEI2I 2J¥ ?§e XHS SXIfe!' HDD (Hard Disk Drives) 0)1 §!XH ^§12! 3 LH 5m 
g*&! (LMR, Longitudinal Magnetic Recording)© §S 21^2) HiJSESIOII OiEi HD\ C\± 
(Magnetic disks) LH 011 D\ms\0\& §5 D\m J.\=?D[ Q\M\mSI>. 3 X[=?°i M^0\ 
e^oF^I ifiSOiaa. 3 21, D\msiO\E X^l- XI fc! 3XPI 0IILHXI "(magnetostatic 
energy)?!- HDD2I 2RS0II °i§\0\ fltgStte ^OilLiXI (thermal energy)£Q 3 All SUM. 

§e Xl^l = 2&XI-£ (super paramagnetic effect) 9 &£8&CL 

Oldish ^mo[J\ flSKM.HDD ^IsS 31521 SLH XPI 3I* ^3 Oil AH 

AH^^ 4=3 XI- 3 1 J\m gJ3 (PMR, Perpendicular Magnetic Recording) 
SS£ICHXIH 2iO. 01 PMR Dim gijg 3|£2| LMR J\m »±|0|| dlsKX, fe© §XK?| 

chi m xi &x^i on Li xi m xium aiCH ah a;>m assi uncoil ^aima. 



oi en £»• pmr Jiae-aaE hah m^°\ Dim it son 21SV01 QI4: §a 

SSOI 7^8MI £iaa. nau. 7|sg »-?2| oh§g ai S j^^ ti \ (SNR, Signal to Noise 
Ratio)* £71 floKMAIfe as SAICHI §=£1013 S§ S^2| £r4:7|- 

ICH^o^ S^SOiaD. Olfi ?|6K>i S «|5|0||Ai;= 4=51 XPI 714821 SXPI CHI U XI 

<k am oil u xi 2i #a mum oisshoi qiahi x^e is§is2, 01 oiahi x[=? Jimsm 

JIIIXI7II Xl!d '^Ah 2SSf ^221 4=5| J\J\ ?m CI ±3011 2JS»2£ §§ #^2| 

?i± §j as XH^bl saw. 

U. S£H7|g=2| £fl|g . g iSi SMI a bH§ a §2H7|^2] gUISS &AHISI 

01°^ ^oi»s. sa m aiS7iir.s ^aiaias hiaishi 

ffls 7IXH) OI32f BJEAl CHUI8KM ^Sfi 5! 

H^E XPI _7|*2K>|| 4=5| XP| 7|0} gf^'S 7|i|£|CHa X>^?£| ^a UHS gtSfOI 

XPI Pi3 3011 LHSI-OI 4=5| gJtfo^ OH ^ Sh Si ^ 4=5] Ol&g CHI U XI 

(perpendicular magnetic anisotrbpy energy)B XILIU 9XSL°£., XI-71 D\^ §ilE.£¥Ei 

atast ?\m xfTjife 7is= xf^oii gssi-sm x^i ci±3 aoii chskm 4=5)s &§?om 

2J7h£|CH0F SO. 0I> SgSPI ¥)§HAii= &XF-?1 (SPT, Single Pole Type) 4=5| x[j\ 
D\m §11 ES AhSShO^Of 8WEh 01 SPT 4=5| jp| 811 Efe §11= UfCHlAi 4=5| X^IOII CHS 
TlO&h Si XI- 311 (demagnetization field) S i^A|3lfe XIUH Sl°'°£. §SS 4=5) 

7is* oj 7i- » Tii 21 »aoi M^sSKk ois eisi-oi, 4=5] »pi j\m j\^2i hod sischi 
^as* son qojo^ 5>s£|ch sa. 

S52I XPI 71^ 71621 gSS 7IS2I 2! LH J&7I 71^ 7li?CHIAi AhSEIH 91^ US (RT. 
Ring Type) SLH Xh7| J\m 811 = 21 4=5! gf8 2J7F XHHJ2I S7fB 7^711 I'l 
SLH 7m SUES 5iS*f 4=3! #71 }|s j ( £o| 7hfeoF71l ShSCK 0|2f SOI 

71521 HI §11 ES 5igsh XF3»| 71* 7I6S 12* 30| 7|§2| SLH W7| ?l^ 

CI 4:3 =?£0\\ 4=5) IP | 31 ^ x^sis §g£| j\m °J iH^ovog »g S 9 *m ^^o| 
4=3) »7| Q|A 3i ^ S g fS rj. 01 BSSj ^S2| C|4:3^ &E.\ SEfe SfPDIteTII 

tt3 7ie (substrate)?! CHI 71* ^ XH^2|. 45] UHSFgS S7|-AI3|^ 3fX|^ (under 
layer), 71^2 §S »-?fi 715 E9CHI CAo\<X 45| ^Sf°^ ^XloPI ?|SK)1 4=5] »7I 
Olg,^ Oil Li XI m XI t! 4=5) XJ-^I 7m Xlg?i (perpendicular magnetic recording layer), 
3dl2 01 4=5| »}| 3|f Xf^eiS 2I¥5| §^2§ ? g Ssohfe' a§°4 (protective 
layer) S (lubricant layer)2^ ?^£ICHXi SICK 01 CI4:3 ?iUi2J 45J X\D\ 
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D\m XI£^S oHI^OII 216101 Jim §0I«? (magnetic easy axis)0| s>go|| CH ShOI 4=2j 
°f*fo^ HHSEICiAi 4>2j XI3I 01 g,^ Oil Li XI « XIUIL SOUi, US SHE2I 4=2! XI3II 
SSOli 21 §101 4=2! SI2g §2 31*01 3|^olO. HaU. =42! X|3| oi as oiiLixig 

nt! i 3m xi^sfg at as 31521 s^f^ej' xpi 3m ci^h ^£0)i &==> 

^§1 AI3I0, 5PI (1)±|0|| UEItt »2I UOI &IXI3II &4*2| 2*01 ^CHSIOOlAi 4=2j API 
31* XI£SLH2| XI3I 22!^ (magnetic moments) Oil &fLH =TS8l-te B\Q& 

yit^l CHI Li XI S SfgAlglO. 

2 ■ 

Kueff = Ku - 27tNdMs 

(1) 

Kueff: 4=2J. XI3I OIS-^ OilLiXI (effective perpendicular magnetic anisotropy 
energy) 

Ku: 4=2! XI3I 0|g> h & OIILiXI (perpendicular magnetic anisotropy energy) 
Nd: &f XI- 311 £f4= (demagnetization factor) 
Ms: 5l| XI-21 (saturation magnetization) 

2 • 
TiNdMs ; St XI- 311 Oil Li XI (Demagnetization energy) 

3 gi, 4*3« X|3| J|s XISS2I ^5 4=2) XI 3 1 OISS 0l|LiX|3| 3^o|3|| S^SKM 

X|3| 3|*2| 2i!£ S^SI3|| MU 4= §J2HS 0121 4=2| 

Xf3T 3|== ^|^oj HDD ajsoji &g XI §S SO. . . 

oi2i as 9§a, 1 ?£2j 4=^1 xi- 3 1 ?m p^aoiiAi attitst^ 4=21 xi3i oiaa 
oiiLixi2i &o\o\, 421 xi3i ?\m j}go\°\ ei-xj^i onuxic u^aiij 4= 

21= ^A| 2SBf -?£2| 4=^1 X|3| 31* Clr^B (pseudo double layered perpendicular 
magnetic recording disks)?! M 2J- £1 Oi SCI. 01 8M»JS 3 LH 31* &±!2I II 61I22J 4=2! 
£S XI31I3I 4=2{ X|3| 31* X| ^ ^f Oil CHolW SjlXIS. (closed magnetic circuit)* ISi . 
4= 2i2*. 22f ^01 4=2] UHSf o|X|9f (2)21 4=2! X|3|'3|* XlgSf (3) AhOI CHI 

SXia 4f2J°f (Intermediate soft magnetic layer) (3-1)8 21 Sol SO. OIS. eJSKX. 4=2] 
X|3| 3m X^2fLH2| «|X|31I #=4=2| 2tS ^4:515101 SfX|3|| CHI U XI M i=^^2§MI, Ss 
4=2] X|3| Olgfrg CHILiX|2| SfXISISO. 

3S S^2| ^ LH X|3| ?m CI^BCHl' 4=2j XI3I 31* X|£Sf8 332* BSBJ- -^^21 
4=2! XI3I -31* P£3 (single disk. 2^ 1)21- 01 EhS^ :p££j ^xj xp| p£30|| 
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a»«afS 4r2Jth 2S^ ^a 4=3 XPI C|>iB (Pseudo disk, £3 2)21 
£31^ £!E (kFRPI, Kilo Flux Revolutions Per lnch)2| §31-011 u}g as (signal level) 
S Si (noise level) 2J ea« UEHH2 2iCf. 2#e| ^^£| 4=2) XPI 

ci^afe <y&jacHa sx>&^°£ 2j§k>i 4=^1 xni 31^ »s§i eix^b m&o^n, 

01 S Oil Li XI « i^±A|3|CH SS 4*2j XPI Olgfg Oil Li XI » 

e^hAI3|CH 3=31 mi §011. BS^ ?52| 4=3 J}J\ D\m C|±H0|| . bIStOI feS 6!s S^S 
UEH-O SACK 3E.HU. & Si El CHS! ax^aig 21 ¥ 4=£ » 311 Oil CHff X>S- AH1H 
ST«S3PI -HS°SAH ^21 §§ i§ (jitter noise)8 1IHS0II, -?'2a 

4=^1 xpi ciaaoii bimw £?ai 2#^ ?sa 4=2j xpi ci^aa §§ a^'oi 
s^ssaa. n ia, ^ai- 2g9| ^ssj xpi 3i = ci^aa j\m nm\ (snr. 

Signal to Noise Ratio)g S^HOIS as «^0I SAIOII S£S£I01S §§ *^£l g3HM0ll 
o| ShCM S¥ &±HS2£ SSSh 2*8 28 40h 2JD. ^Al- 2§sj- :?£a 4=2{ 

XI-31 3m CiaHOIIAH 3|i=a H^£2F« 9leh §S!f 3fl XH4BHI (SNR)« 231 

9imouH;= 4=^1 xpi ?m x^^a ss fi^s ^±k\3\q\ denote* mo. 

Q. S Bfgei 9HISS oHS'o^l 9ISH S B?9 0| AlSSlfe 4=Er 

P\=?, SIS, gtS)£ £23 stn 

SAI- 2SS| ^521 4=2j XPI :m CI±B£! 31* XH^bl (SNR)S CH§? §3^31 
flSKHMfe 4=2J xp| 3|S|, »gQ|2| as 8J§ #EH£ WXIfi* xH. Si S^S 

^^A|3|0H 4=010f ehO. 01 Si S^2| ESS §131 (2)3011 HAIth Sfa &0I 4=2] XI- 3 1 

j\m x^slhoii s^aoia ^xh-?a §2 ^4= (a) oil uibiispi hhsoii. s§ 
&±m flSKMAife x^sma xi-?a aiAiisfa mom ma. ■ 

a = An Mr /He 

(2) 

Mr: 4=3 2= Xl-St- (Perpendicular remanent magnetization) 
He: 4=*j axi-^! (Perpendicular coercivity) . . 

X^SLH ggSCHXIfe 7t=? (magnetic domain)^ ^ISS §XPI CHI U XI (magneto static 
energy)2f Oil U XI (domain wall energy)^ CHI LH XI §1 3311 Oil 21 SI- 01 AH aSSCHaCK 

m, §Xh3|| 0)1 U XI 21 &±m ?ISI01 X>^SUI2| X^b nilJhS ¥5 (closed magnetic 
loops)* S^SPI 91 »W ¥&§| OlAIISh XF^S SSf S^SCHXI£^ mO. ZiaU, 01 /HI 
»?2| j»SO0AI Stt^aoia Xf^ (domain walls) a §3h^ X^ CHI U XI B 
§3fA|3ICHAH 4=2) XPI 31^ XI^SLHa _ Sfll CHI LH XI « S3^AI^IC^. 13^25 4/2J' Xh3| 

31^ Xh^ama a*ii ohlhxi^ §ti\ oj^chiah uaa aa aoi §xf3ii oiiuxi-a xf^ 
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0HUXI32I »0I Si^m 3101 AH 5[D\ 3 (4)011 U&fcS 3 3°J SSfiO, 

2 

Etot = Ems + Ewall = 1 .7 Ms D + y L/D 
(3) 

9, 

Etot: 4=3 XPI 31^ Xh£§S| S Oil LH XI 

Ems: 4=3 30-3 1 D\m J.[g&2\ g»;HI CHI Ld XI (1.7Ms 2 D) 

Ewall: 4=3 X\J\ J\m XI&SSI CHI U XI (y L/D) 

Ms: 5 si- XI SI (saturation magnetization) 

D: XI- 1 ? 3 3 (domain width) 

y: XI- ^ CHI LH XI (domain wall energy) 

l_: 4=3 X\D\ D\m XI g SSI (perpendicular recording layer thickness) 

2 1/2 
D = (yL/ 1.7 Ms ) 

(4) 

a*, sai zm^i =?^s\ 4=3 x^i ji^ ci^bsi xpi x^ssi Qf ^jii« 
efaf»e°s/H x^ slhoii s^acHxife xi.^si 338 DiAna»°SMi ss m^m 

&±A\m 4= 9XQ. 

Ei. s ^9 si s^sai s essi ssskm oKaes- saioii 21 sh 
3is2i E+ss 4=3 xpi D\m ci^aoiiAHfe D\m xh^ x^^si §§ m^m &±b\d\ 

« ShOi Ai S&^2S 98 dial £?4= (a = An Mr /Hc)S| &8 ££S< A||J 4- SIE 

XI £ SSI 4=3 SXI^OI SOIXiej §^S| ^JIIS xHSSISCI. ^, ?ISS| 4=3 XPI D\i 
XH^S°^ ^ AIS3H 2-11= CoCrSI S3 XI£S°| S^fe ES 4 CHI AH UERHH Si 
4=3 eX^OI 50 nmOISKNIAHfe 3^ SMI 3±8M HHSOII. S§ S^SI «|CHS 
?I8KM/H= 4=3 S»B*2| S^^^l- g^olXI SfS 50 nm 0I&2J CoCrlHI Si X^S|S 
4=5. IP | ^|s q|)^| S a^SSHI MCf. 

3a|LK 4 CHI AH LhElt« SX^OI feS (50 nm 0I4»2| JlSSi 4=3 XPI D\ 
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»gsi°s Ahs& sai zm ?52i 4=3 xpi :m* u^aoii/dfe §s uiai #4= 

(apl- SSSI 3 XI SPI IDIS'OII (ES 3 &PI ¥5112) IfSii 8AI- 2S 

^52j 4=3 xpi j\m ci±B°i 4*3 xpi 3i* »gst°s sissis. ^gjgots 

cgx^ovoj *^2j0| g§ g^oj g^g. Qjgoj, o M 2 m =?^2\ 4=3 XPI CI^HOIIAH 

s§ s^s i^appi migoii ¥4=et ?\m iH^bi (snr)» sppi ssssm. 
s'afgg cocr^i eg »«a2i 4=3 sx^oi st¥5ii s^oiiah, wassi 

S|¥5II 2,^CHI 21 S X1£glH21 332| 01 All ^8 0ISI8KM SA|- 2S^ ^£21 4=3 

XPI 3|* Q±B2i 98. S^S ¥4=& 3|S* XH4BUI (SNR)S Sit 

Olfi 91 oh 01, S?A1 2S9| ^£2J 4=3 XPI Ql^af ag gSrSOll 215h01 ??£l £^ 

a^Dlfe eg PI 5r 91 Oil 4=^! XPI }|l= x^Sfoj ax, uHft^S SEShte Ti sniaia 50 
- 100 nm 3St.^, H 91 Oil 2^ XI a NiFeeg XFgSjS 3 - 10 nm 3 Sol- 2, 

3 °|0|| 4=2j XPI J\m Xf^^oj CoCr31l eg JtgSs 100nm0IIAH 15 nmWXI gamOi 
S^S^2CM, Z2 ^ CHI SSSf gj SIhQiS £x13°^ 3S6FStCh SEeh ^AIOIIS flfi 

bssi ^221 4=3 xpi ;>m pA 3 t a g ssraoii 21 men sai s= afois eg 

^|^°|0)j ^xj XPI X^5t°l 4=2| SS'Sffe Ti ohX|at§ 50 - 100 nm 

3Str 3 91 Oil 4=3 XPI 31* X^aj-oj CoCr^l eg XIS§§ 100 nm Oil AH 15 
nmWXI ffl»3KM §WS201, H 910)1 S2°4 91 SAWS £xF3°M ajgaHaCh 

31! 5fe HI 33 01 a ^A^ 28^ =?S 4=3 XPI J\m C|^B2| CoCrSI eg X^e|2J 
¥511 (Recording layer thickness)2| ^SfCHI OS X1-? 33 (domain size)2| Sill 
U-EJ-LHH 21CI-. 4=3 XPI SX1^2| AI33fe X^ ^ ¥511 01 o\ Oil AH domain size2J 

SiBSKM 3fl X1£S21 efQ^aoil CD- 24- I All er XH^^h SSSaO." 01 a S* »S 
3|^SU|2| a I All X^21 S£g 3g 50IIAH UEffcH »2F SOI S§ tJ 1 311 ^4= (a)2| 

OK S S^S°I SUF S &S0II 2J5HAH2} U&Ufe m&°i SJlfS &0| SSS 

a 

£3 6g ES 50IIAH HI Sf 3 01 3 ° A| 2S^r ^?52J 4=^1 XPI D\m Cl^a2| CoCr^ll 

eg as o*2i c OT eaol | p, e axi exh^bi (hc/ho) §y as xufbi (Mr/Mo)°i 

^SfSS UEHH3 CoCr^l &g X|^^2) ¥511 ^±011 4=^1 aW XI- SI- 2) 

aadl (Mr/Mo)S 4=3 exf»21 ^Siai (Hc/Ho)OII bISFOI g2**f UEH-H3'SiD. 
.01 EH & »gsf ¥5112) a Oil 0>M 4=3 aW »2f 3S1d|21 ^dbfe Si uiai 



&4=2l ^±m £E8ia°01. Olte 01 All 8^1 S^£|CH5! (magnetic domain) Oil 

3l2Johte 330IQ. - 

nmOI8f°l CoCrPII 8T3 W«*tS SXH 2Se} 8TS XIS§ XH23>I- 5^5fW g*6> 1? 
4= 2i§°£, cJ£l£0l feg S§ ft^ HI 31 £r4=2l »S 4= SJSia. H2HU-. 

S5i» }ls2| tSc 20 nmO|.S|-2| gfg T\g 2 s*af (ultra thin magnetic alloy 

films) °l S? 50101, Oil SShOi 20i£! 01 All 811! a US »?£l 

SCf g§ S a mg,, Af^a o M 2 8==t 4=3 3|s oi 0 | = 

3SS- £A|- ^521 4=3 XPI 3|s C|>;30| j||£S ^^§M| ShQ. 

4. f|oig?2| go, 

- :.SS2| ^gQW SICHA-^ 2>S = ¥ = S 1 SEfer 2 0l£r£l g°S 7IIH 

) 4=5! XPI 0I^£ OIIUXIS XIU CoCr?ll If^ »SS°I a| s^M g^OII CD- £1- 01 »£9|IH£| 
Ti?2i 3901 ^ibSUl, 01 CHI ttiEi SI Uiai &4=2I &0I X|oh&°MM-|, ^4=& 

21^ XH^ytll (SNR, Signal to Noise Ratio)* 3>fc £?Ah 2Se| ^^2| 4=3 XPI 31^ 

ci^a 

- m^m ■ ^mmm ?ii^2£ s§gm -?3imsfe §^ 1 ses= 2 oi&si tr^s 3>i xh 

) &3I2I °AK2SS| =4=*! XPI }|s p^Bfe 4=3 SX^OI gf^ohfe 4=3 XPI J\m 

XigQ* §«0||A| Xh-?°l 3301 &±&CK 

2) 6P|2| SAI 2S^ ^^oj ^xj xp| }|3= C|±3l=r 4=3 aXF^OI 3±:8lb 4=3 XPI 
}|^ Xhgsj <=7HI g«0||AH 4=3 XHf £SHd| (Mr/Mopf 4=3 SX^ Sam 
(Hc/Ho) S Q £±§01 3D. 

3) £PI°I ??A|- 2S=?t 4=3 XPI l\m Q^Hfer 4=3 eX^OI £4:811=== 4=3 XPI 

x^ok^^i g°*o||Al Si dial ^4= (a)J[ &±&Q. 

4) £PI°I ^AK2#S| -?£°| 4=3 XPI }|*| CI^HEI 4=3 XPI }|i| X^s^Sfe 
CoCr?ll X^^£| 3 SOI 3>^8hM, B, Pt. Ta, V, Nb, Zr. Y, Mo2| °J±SS SIU 

oi-&°i a&asw ?ppi- ^^§m. 
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) fe^isi zm^i ^™ D\m 4^ xn?i j\m iy&ii2\ 20 

-50nm:>l Ei^mW, 20 nm0im2| £iJ^ XISS2I 3g£ m^SICh 

6) ^,^121 2g9| ^^o| X p| D \ m C|^B2| 2Xf£! <ygJ^£S=: NiFe^l 1,^3 

X^qjoj ^jgo| ->H=a|Q|, Nb, V, Ta, Zr, Hf, Ti, B. Si. P2| Sj^MS olU 0I&2I 

; ^/-S 7 ^/(/ -7^-3' ^=3' X/.7/ 7/^ Cl±3°l &2J2t°l ^Mt= 3-10 

nmJf &&o\Q. - 

) &3>I2| £?A|- 2S^ ^S2| XI- 3 1 D\m CI^Bfe S&SIB US XI D I 3>l^ SIIBg. 



5. aAioii ■ s srs'oii ae ^sxi » data :>i 21 §^ a^sm tfgtf s 

£S 7S S&2I ^mm lit! CoCr^l &3 X}^^ (50 nm) % S SfS2| CoCr3)l S3 
Xh£j sfSf (35 hm » 20 nm)0ll 2ISICH HI^£|CH5! BS^ =?^2i 4=3 XPI ?m 
CI^B2| ^2 (Signal) SU Si (Noise) S^2| BlSfi UErmH 2iC|-. S* £3 011 2I8KH 
HI ^£101 3 35 91 20 nm£l CoCr^l &3 »<S HfBfS Bi D 4 ^£2| 4=3 XPI 

P^Bfe CoCr3ll &3 X^s|£| ¥Mi ^Ssh B§5f ?S2| 4=3 X^l Dl^ 

p^aoii-HisKM 6js % ss s^chi sjoiah 2ta* si a-fc* ub-lhb s*a. 

0IS B8I01 gJfSOIS 31* XH^Ul (SNR. Signal to Noise Ratio)°l & D\m a £011 

gf&s sb soil uamaa. 

£B 9£ ^D\\m Xlt! CoCr^ll &3 XJgs* (50nm)S 3g£h £?AI 2S^ ^£21 

XI- 3 1 ?m CI^B^ S Bt92| XI H CoCr3ll fi »g ^ (35 nm SI 20 

nm)i 2SSJ ^£2| 4=3 XPI P^B2| i!s (Signal) S 88 (Noise) 

S^°J Ssf« UEfLHB 2JP. SB 721 B§^ ?S2| 4=3 XI 31 31* P^32| 3^011 
HISI01, °a| 2ge| -?£2| 4=^1 XPI ^1^ CI ^ B Oil 5isg} gopf ajs S^S 
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